INTRODUCTION
============

Excess body weight ([@bib1]), poor glycemic control ([@bib2]), and renal function decline ([@bib3]) are independently associated with increased risk of complications, poor cardiovascular outcomes, and mortality in individuals with Type 2 diabetes. A number of previous studies indicate life-style interventions targeting diet and physical activity may improve weight management, glycemic control ([@bib4]), and renal function in Type 2 diabetes populations ([@bib5],[@bib6]). However, depressive symptoms, which are common in patients with Type 2 diabetes ([@bib7]), are associated with poor adherence to various self-care behaviors in Type 2 diabetes, including glucose monitoring, medication use, and diet and physical activity recommendations ([@bib8]). As such, improvements in weight and glycemic control are often difficult to achieve in patients with significantly depressed affect.

Psychosocial interventions have been shown to successfully alleviate depressive symptoms among patients with diabetes ([@bib9]). Research also shows that patients with poorly controlled diabetes and depression benefit more from integrated management of medical and psychological illness when compared with usual care ([@bib10]). In fact, previous studies have reported that in addition to constituting an effective treatment of depression, cognitive behavioral therapy combined with diabetes education ([@bib11]) or enhanced usual care ([@bib12]) may also be associated with improved glycemic control. These findings suggest that interventions aimed at improving Type 2 diabetes management would benefit from incorporation of psychosocial techniques. However, few interventions have combined life-style and psychosocial approaches in the context of Type 2 diabetes management.

Few randomized trials have examined the impact of life-style interventions on management of Type 2 diabetes among underserved populations ([@bib13]). Ethnic minorities and individuals with low socioeconomic status with Type 2 diabetes are more likely to be overweight or obese, have poor glycemic control, experience depressive symptoms, and develop renal disease ([@bib14],[@bib15]). Individuals belonging to these subgroups may face unique barriers to successful diabetes management related to diabetes-related knowledge, community resources, social support, or access to quality care ([@bib16],[@bib17]). The purpose of this study was to examine the effects of a 1-year multicomponent life-style intervention involving diet, physical activity, and cognitive behavioral training on weight, glycemic control, renal function, and depressive symptoms in a sample of low-income, overweight/obese ethnic minority participants with Type 2 diabetes and depressive symptoms.

PATIENTS AND METHODS
====================

Participants
------------

Participants were enrolled in a randomized controlled trial designed to evaluate the efficacy of a structured life-style intervention titled: Community Approach to Lifestyle Modification for Diabetes (CALM-D). Goals of the intervention were to reduce weight, increase physical activity, and improve stress management/coping. Participants were recruited at local community health clinics or referred by word of mouth. Eligible participants were overweight or obese (body mass index ≥ 27 kg/m^2^), between the ages of 18 and 70 years, with self-report of Type 2 diabetes confirmed by medical records, current treatment, or verification by study physician (fasting plasma glucose ≥ 7 mM or 2-hour plasma glucose value after a 75-g glucose load ≥ 11 mM), and significant depressive symptoms (Beck Depression Inventory II \[BDI-II\] total score ≥ 11). Exclusionary criteria included any factors that could limit participant life span, affect the safety of the intervention, limit adherence to intervention, or affect conduct of the trial including advanced renal disease (dialysis, urine dipstick protein +4, serum creatinine ≥132 μM for men and ≥124 μM for women), blood pressure ≥ 160/100 mm Hg, fasting triglycerides ≥ 7 mM, and glycosylated hemoglobin (HbA1c) ≥ 97 mmol/mol (11%), inability to walk, and severe mental illness. Participants with BDI-II scores at least 35 were excluded if the magnitude of depression was deemed likely to prevent effective participation in the program. Participants with preexisting cardiovascular disease were eligible if they met the functional criteria for inclusion (as determined during a submaximal exercise stress test) and diagnosis of the condition occurred at least 6 months before screening.

Procedures
----------

Data collection for this analysis occurred between June 2008 and April 2012. The study protocol, including the screening and full study informed consent form, was approved by the University of Miami Human Subjects Research Office, Institutional Review Board, Medical Sciences Committee A. During screening, patients were administered screening informed consent, medical eligibility form, and BDI-II. Demographic, medical history, anthropometry, blood pressure, psychosocial, and urine and blood measures were taken during two baseline assessment visits. For participants not recruited at community health clinics, the first baseline assessment occurred on the same visit as screening for eligibility. Full-study informed consent was administered to eligible participants. Of the 340 individuals screened, 99 (43%) had BDI-II scores that were out of range for study eligibility (see Fig. [1](#F1){ref-type="fig"} for flow diagram). In a parallel groups design, a total of 111 participants were then randomized to either 12 months of life-style intervention (*n* = 57; CALM-D) or a usual care control condition (*n* = 54) using a stratified randomized block design. Strata were designated on the basis of participant language preference (English or Spanish). Random sequences were generated in blocks of 4 to 10 participants which were paired with participant subject numbers. All sequences were concealed before the assignment of treatment conditions. Assessments were repeated at 6 and 12 months after randomization by blinded assessors. Participants in both arms received laboratory results at all assessment time points and were encouraged to share results with their primary care providers.

![CONSORT flow diagram. BDI = Beck Depression Inventory; BMI = body mass index; HbA1c = glycosylated hemoglobin; CVD = cardiovascular disease; CALM-D = Community Approach to Lifestyle Modification for Diabetes.](psm-78-851-g001){#F1}

Participants randomized to intervention received a 17-session, structured life-style intervention based on the protocol used in the Diabetes Prevention Program ([@bib18]). The intervention was administered by trained therapists, in either English or Spanish in a clinical setting. Treatment fidelity was not assessed. All intervention sessions were approximately 1.5 to 2 hours in duration. Participants first received two individual sessions followed by two weekly and four bi-weekly group sessions. The remaining nine group sessions were scheduled monthly. To maximize participant retention, therapists maintained a flexible approach to session scheduling, including early morning, evening, and weekend sessions. In some cases, it was necessary to provide sessions individually rather than in a group format to accommodate participant schedules and ensure timely delivery of the intervention.

A detailed description of the intervention session topics is available in Table [1](#T1){ref-type="table"}. Briefly, intervention components consisted of diet and physical activity largely consistent with the Diabetes Prevention Program protocol combined with cognitive behavioral and social learning approaches to address depressive symptoms. Each participant received a weight loss goal (7% of initial body weight) at the beginning of the intervention. To achieve the weight loss goal, participants also received goals for physical activity (150-minute aerobic activity/wk) and caloric intake (based on initial body weight). Therapists provided dietary suggestions and recommended brisk walking as a suitable activity for achieving exercise goals; however, no supervised exercise sessions or meals were provided as a part of this intervention. Intervention participants were provided materials to track progress toward program goals including a scale, materials to monitor and record daily food intake, and an activity monitor to record physical activity. Strategies to address depressive symptoms included behavioral activation, active problem solving, alteration of dysfunctional automatic thoughts, stress management, coping skills training, and modification of behavioral, environmental, and cognitive factors to promote healthy levels of social support. During the first 6 months, participants learned and implemented strategies to achieve physical activity and dietary goals; the second half of the intervention focused on problem solving and maintenance of behaviors.

###### 

CALM-D Intervention Session Topics
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Participants assigned to usual care received a short educational booklet that covered topics related to diabetes management, but were not formally instructed to make any life-style changes. Participants in both arms were also expected to be treated in accordance with ADA Clinical Practice Guidelines (2005) by their primary care providers whenever possible. Of note, 53 (48%) participants, including 27 (50%) usual care and 26 (46%) intervention participants, were not recruited at community clinics but via word of mouth. Because having a primary care provider was not necessary for study participation, quality of usual care may vary significantly by recruitment site. All participants received compensation for completing assessments at baseline (\$225) and 6 and 12 months (\$100 each), as well as free transportation to and from the study site. Intervention participants were also compensated (\$10) for attendance at individual sessions.

Measures
--------

Primary outcomes for this study included weight, glycemic control, and depressive symptoms. Renal function was also evaluated as an additional outcome. All outcomes were assessed at baseline and 6 and 12 months after randomization by study staff blind to participant treatment condition. Covariates age, sex, diabetes duration, smoking status, and medication usage were also assessed at baseline.

Body weight was measured using a Tanita Body Composition Analyzer (TBF-300A). Depressive symptom**s** were assessed using the BDI-II total score. The BDI-II has demonstrated internal reliability, convergent, and discriminant validity in older community-based samples ([@bib19]) and comparable reliability and validity between English and Spanish language versions ([@bib20]). HbA1c served as the primary measure of glycemic control. Both HbA1c and cystatin C were assessed from blood samples. For all laboratory measures, blood was drawn after a 12-hour fast by an experienced phlebotomist.

Estimated glomerular filtration rate (eGFR) served as an indicator of renal function and was calculated based on cystatin C and creatinine concentrations using the CKD-EPI equation ([@bib21]), which has been shown to have advantages over the equation using creatinine alone. Evidence indicates that formulas using cystatin C (alone or in combination with serum creatinine) may be more suitable for evaluating renal function in obese participants ([@bib22]), participants with normal or elevated GFR ([@bib23]), and participants with Type 2 diabetes ([@bib24]).

Statistical Analyses
--------------------

Data were examined for normality and outliers. Intervention and control participants were compared on baseline characteristics using *t* tests and *χ*^2^ tests of independence for continuous and categorical variables, respectively. For nonnormal variables, *t* tests were conducted on log-transformed values. Based on results of previous studies, a target sample size of 87 participants per arm was calculated to provide 78% to 95% power to detect effect sizes ranging from 0.420 to 0.564 in weight ([@bib25]), depression ([@bib26]), and HbA1c ([@bib27]) in a two-tailed, two-group comparison at an *α* of .05. We used intent-to-treat analysis; therefore, data from all eligible participants for whom baseline blood or urine measures were available were included in these analyses.

An extension of latent growth modeling was used to evaluate intervention effects on outcome variables ([@bib28]). Full-information maximum likelihood was implemented to account for missing data. Traditional latent growth models use longitudinal data to capture two unobserved factors involved in linear change processes, an intercept (initial level) and a slope (magnitude and direction of change). A useful application of this technique in the evaluation of intervention effects involves the partitioning of change into normative and intervention-associated change. The normative slope captures normal change in the outcome variable expected to occur in all participants, in the absence of intervention, as a function of time. The intervention effect corresponds to additional change in the outcome variable among intervention participants after accounting for normative change. An advantage of this approach is the ability specify unique, nonlinear trajectories for normative and intervention-associated change. Results of a mixed-model analysis indicated that only change in eGFR varied significantly as a function of intervention condition when evaluatinglinear change over the entire 12-month period. However, a test of model fit indicated that a constant slope did not fit the intervention data (see Supplementary Table 1, Supplemental Digital Content 1, <http://links.lww.com/PSYMED/A294>). Using latent growth modeling, normative change in each outcome was specified to occur in a linear fashion over the entire 12-month period for each outcome, whereas the intervention effect was expected to occur over the first 6 months of the intervention and be maintained during Months 6 to 12. As indicated by Muthén and Curran ([@bib28]), estimates of the mean and variance for the intercept and normative slope were held equal across intervention and control groups. Mean, variance, and covariances of the intervention effect were set at 0 for the control group and estimated only for the intervention group.

Mean estimates for normative change and intervention effects are reported as unstandardized regression coefficients (*b*). The *b* for normative change can be interpreted as expected monthly change in a variable in the absence of intervention. Positive estimates indicate a monthly increase, whereas negative estimates indicate a decrease. Positive intervention effect estimates indicate an increase after accounting for any normative change in an outcome. Likewise, negative intervention effect estimates indicate a decrease among intervention participants after accounting for expected normative change. We also examined the influence of additional covariates, including age, sex, medication use, and diabetes duration when there was heterogeneity in change defined by a significant variance estimate. Although significant heterogeneity was observed in normative change of both weight and BDI-II scores, as well as the intervention effect on weight, this variability was not explained by any of the covariates examined (data not shown). Finally, Cohen *d* was computed as an estimate of treatment effect size by multiplying regression coefficients by 6 and dividing by baseline standard deviation for each outcome using the equation ([@bib29],[@bib30]).

### Intervention Dose

Given that only 25% of participants completed the entire intervention and 51% completed less than seven sessions, we conducted analyses to determine if greater session attendance was associated with additional improvements. Therefore, in addition to intent-to-treat analyses, we compared intervention participants completing seven or more sessions to those completing six or less using *t* tests for each outcome.

RESULTS
=======

Table [2](#T2){ref-type="table"} displays sample characteristics at baseline. The sample comprised mostly middle-aged women (71.2%) of minority status (95.5% black \[10.8%\] or Hispanic \[84.7%\]) who were in the low-income range (mean household income = \$14,382 \[\$10,832\]). In addition, participants were overweight or obese, with inadequately controlled blood glucose and moderate depressive symptoms. Mean eGFR was 86.95 (17.94)ml·min^−1^·1.73 m^−2^ and 6 (7%) participants had eGFR estimates less than 60 ml·min^−1^·1.73 m^−2^ at study onset. Fifty-two (47%) of participants were recruited via word of mouth, whereas 48% were recruited at community health clinics. Participants assigned to intervention and control groups differed as a function of ethnicity, with participants identifying as white being overrepresented in the control group. There were no other significant differences at baseline between intervention and control participants.

###### 

Baseline Sample Characteristics
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Table [3](#T3){ref-type="table"} displays means and standard errors for each outcome among intervention and control participants at each time point as well as mean change at 6 and 12 months. Figure [2](#F2){ref-type="fig"} displays model implied means in addition to observed means for both groups at each time point for each outcome. All latent growth models demonstrated good fit of the data. Results of the latent growth analysis, including model fit statistics and parameter estimates for each outcome, are available in Table [4](#T4){ref-type="table"}.

###### 

Means and SDs for Study Outcomes at Baseline and 6 Months and 12 Months After Randomization
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![Observed and model implied means for weight (A), glycemic control (B), depressive symptoms (C), and renal function (D) among intervention (white triangles, solid lines) and control (black squares, dashed lines) participants at each time point. Observed means were calculated using available data at each time point and should be interpreted with caution due to data missingness. Model-implied means are calculated using model-derived parameter estimates (intercepts and *β* coefficients). Full-information maximum likelihood was used to account for missing data in estimation of model parameters. BDI-II = Beck Depression Inventory II; eGFR = estimated glomerular filtration rate; HbA1c = glycosylated hemoglobin.](psm-78-851-g005){#F2}

###### 

Model Fit and Parameter Statistics
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Weight
------

Compared with usual care participants, intervention participants showed an average decrease in weight of 1.22 kg. In addition, 24% of participants assigned to intervention achieved weight loss of 5% or greater compared with 11% of control participants. The intervention effect on weight was significant (*b* = −0.322, *p* = .010), indicating an average of 0.32 kg of weight loss per month over the first 6 months of intervention, which was maintained through the 12-month assessment. This was a small effect (*d* = −0.136, 95% confidence interval \[CI\] = −0.239 to −0.033). In contrast, normative weight change over the 12-month period was not significant (*b* = −0.033, *p* = .39).

Glycemic Control
----------------

Participants assigned to intervention demonstrated an overall decrease in HbA1c of 4.9 mmol/mol (0.45%) relative to usual care participants. The intervention had a significant effect on HbA1c (*b* = −0.066, *p* = .017), as participants in the intervention group showed a monthly decline in HbA1c of 0.7 mmol/mol (0.066%) over the first 6 months of intervention. This was a medium effect (*d* = −0.3, 95% CI = −0.549 to −0.051). The mean normative slope in HbA1c indicated no significant change over the year in the absence of intervention (*b* = 0.019, *p* = .11).

Depressive Symptoms
-------------------

Intervention participants also showed a decrease in BDI total scores of 3.01 units compared with participants assigned to usual care. The intervention effect on BDI-II scores was significant (*b* = −1.009, *p* \< .001), indicating a decline of approximately 1 unit per month among intervention participants over the first 6 months. This large effect (*d* = −0.85, 95% CI = −1.223 to −0.477) was in addition to the normative change in BDI-II scores, which was also significant (*b* = −0.355, *p* = .001), signifying a decline in BDI-II scores of 0.36 units per month, for 12 months, which was unrelated to the intervention.

Renal Function
--------------

Compared with participants assigned to usual care, intervention participants exhibited an increase in eGFR of 5.57 ml·min^−1^·1.73 m^−2^. The mean of the intervention effect on eGFR was significant (*b* = 0.74, *p* = .020), indicating an increase in eGFR among intervention participants at a rate of .74 ml·min^−1^·1.73 m^−2^ each month over the first 6 months of intervention. This was a medium effect (*d* = 0.248, 95% CI = 0.040-0.456). The mean normative change in eGFR was not significant (*b* = 0.011, *p* = .91), suggesting no overall change in eGFR in the absence of intervention.

Intervention Dose
-----------------

Of the 57 participants allocated to the intervention condition, 25 participants attended at total of seven sessions or more (\>40% of the intervention) and completed the 12-month follow-up assessment. These participants showed significantly greater reductions in weight (![](psm-78-851-i001.jpg) = 3.92 kg, standard error = 1.18, *p* = .002) and HbA1c (![](psm-78-851-i002.jpg) = 0.89%, standard error = 0.31, *p* = .008) compared with participants assigned to intervention who completed less than seven sessions. On average, participants who completed seven or more sessions lost a mean of 3.42 kg (7 lb 8 oz), decreased HbA1c by 0.53% (5.8 mmol/mol), decreased their BDI-II score by 9.8, and increased their eGFR by 6.08 ml·min^−1^·1.73 m^−2^. In contrast, the 16 participants who attended less than seven sessions gained 0.5 kg (17.6 oz), increased HbA1c by 0.35% (3.8 mmol/mol), decreased BDI-II score by 7, and increased eGFR by 4.51 ml·min^−1^·1.73 m^−2^ (see Fig. [3](#F3){ref-type="fig"}).

![Means and standard errors for change in weight, glycemic control, depressive symptoms, and renal function for 12 months among control participants (*n* = 46), intervention participants completing less than seven sessions (*n* = 16), and intervention participants completing at least seven sessions (*n* = 25). BDI-II = Beck Depression Inventory II; eGFR = estimated glomerular filtration rate; HbA1c = glycosylated hemoglobin. Color image is available only in online version ([www.psychosomaticmedicine.org](http://www.psychosomaticmedicine.org)).](psm-78-851-g007){#F3}

DISCUSSION
==========

This behavioral intervention resulted in beneficial effects on weight, glycemic control, renal function, and depressive symptoms in a sample of overweight/obese adults with Type 2 diabetes and depressive symptoms. These findings are promising given the implementation in this particularly vulnerable sample. Whereas previous similar interventions have typically been conducted in patient populations with adequate resources to satisfy health care needs ([@bib4],[@bib31],[@bib32]), participants in the present sample are at increased risk for poor outcomes because they represent an underserved population with reduced access to health care resources. In addition, the present intervention used was less structured and required fewer resources compared with similar life-style interventions conducted in Type 2 diabetes populations. For example, a number of components used in the LOOK AHEAD trial, including pharmacotherapy, meal replacements, and supervised exercise interventions, were not implemented in the present intervention. Although improvements in weight loss (2.3% versus 8.6%) and glycemic control (0.45 versus 1.3% decline) were not as pronounced as those reported in LOOK AHEAD, the present intervention may have greater potential for widespread implementation and long-term maintenance of life-style changes.

The observed improvements in glycemic control, depressive symptoms, and renal function occurred in the context of relatively modest weight loss, with only 24% of participants achieving at least 5% decline in initial body weight. Although we suspect the observed intervention effects, especially improved glycemic control, will translate to reduced risk of future diabetes related complications ([@bib33]), it is difficult to gauge the clinical significance of these findings in the absence of a more direct measure of patient functioning, such as diabetes-specific distress, or long-term follow-up measures. Of note, 84% of participants in the present sample were prescribed antihyperglycemic medications at study onset; thus, effects reported here reflect improvements beyond what was achieved using pharmacological management of blood glucose alone and may be partially attributable to improved treatment adherence and/or disease-related coping among participants.

There is growing evidence indicating that a decline in GFR often occurs early in participants with diabetes who later progress to renal disease ([@bib34],[@bib35]). Currently accepted strategies for prevention of renal disease in Type 2 diabetes mainly involve pharmacological management of hyperglycemia, blood pressure, and lipids ([@bib36]). Although previous research has demonstrated that behavioral interventions may slow the rate of GFR decline in individuals with Type 2 diabetes and existing nephropathy ([@bib5],[@bib6]), present results suggest for the first time that early behavioral interventions may prevent or slow deterioration of renal function before the development of clinically significant renal insufficiency. It is unlikely that this effect is the result of changes in concomitant medications, as there was no evidence of differential medication use among intervention and control participants.

The present analysis was limited by the relatively small sample size and short follow-up period. Recruitment and retention of depressed ([@bib37],[@bib38]), low-income ([@bib39],[@bib40]), and minority ([@bib38],[@bib40]--[@bib42]) populations has historically presented challenges for researchers. We implemented a number of strategies to facilitate participant retention, including compensation for attendance, flexible scheduling of intervention sessions, and provision of free transportation. However, a significant percentage of participants were lost to follow-up or declined further participation before study randomization. In addition, although 75% of participants assigned to intervention attended at least one session, 25% were unwilling or unable to attend any intervention sessions. This loss of participants could be related to a number of factors including limitations caused by mental health difficulties or financial instability in this population. Our results showed that participants attending at least seven sessions demonstrated significantly greater improvements in weight and glycemic control compared with those attending less than seven sessions. Therefore, ensuring participants receive an effective intervention dose presents a worthy challenge for future researchers working with similar populations.

The present study did not achieve the randomization goal of 200 participants. However, using an intent-to-treat model, the intervention demonstrated significant, although modest effects among individuals with Type 2 diabetes, who were also overweight/obese and socioeconomically disadvantaged with symptoms of depression. Moreover, we have increased confidence in the precision and reliability of study findings given the use of a statistical method that allowed for the specification of separate trajectories corresponding to normative and intervention-associated change for each outcome. Although no significant observations are reported here, an additional benefit of this approach is the ability to evaluate the effect of baseline status and other covariates on normative and/or intervention-associated trajectories.

In conclusion, this intervention resulted in improvements in cardiometabolic risk factors that were maintained for 6 months after completion of the active portion of the intervention in a high-risk sample of individuals with existing Type 2 diabetes. Many interventions targeting weight loss do not adequately address challenges associated with life-style change and thus do not show lasting effects ([@bib43]). However, interventions incorporating behavioral techniques have shown long-term effects in diabetes prevention ([@bib44]), highlighting the role of behavioral modification in long-term risk reduction. Importantly, this intervention placed minimal demands on interventionists and participants, consisting of unsupervised low- to moderate-intensity exercise (brisk walking), sustainable dietary changes, and cognitive behavioral techniques; in this regard, implementation in community settings and maintenance of behavioral changes after study termination seem feasible. However, given significant challenges encountered here related to retention of participants and delivery of an effective intervention dose, future studies may benefit from increased efforts to recruit and retain particularly difficult to reach populations including identification and elimination of logistical barriers to participation, the use of lay health workers and community-based recruitment approaches, and maintaining frequent and consistent contact with prospective participants.
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